INTRODUCTION
The diesel engine is now fully established in a variety of applications on land and in marine use. On land, it serves to power trains, buses, trucks, and automobiles, and to run construction, petroleum drilling, agricultural, and other off-road equipment. At sea, it serves both to provide main propulsion power and to run auxiliaries (RAND , 2003) . The major parameters which control the diesel quality and ranges of usage are the cetane number, aromatic content, density, sulfur content, distillation profile, viscosity, cloud and pour points, and flash point (JONES , PUJADÓ , 2006) . Some of these parameters or properties are interconnected, for example, the saturation of aromatics leads to an increase in cetane number. This fact led to UNISAR process for saturation of aromatics for naphtha, kerosene, and it applied for diesel fuels in 1990s when, the need to increase the cetane number of diesel fuel has grown. Increasing the cetane number also improves engine performance and decreases emissions. This process is with high yield but also with high cost (MEYERS ,2013) .
Sometimes the quality and environmental problems are solved by mixing the petroleum diesels with chemical Additives.
To improve the diesel fuel performance, Cetane number improvers such as alkyl nitrates and nitrites can improve ignition quality. Pourpoint depressants can improve low-temperature performance. Antismoke additives may reduce exhaust smoke (related proportionally to aromatics content), which is a growing concern as more and more attention is paid to atmospheric pollution. Antioxidant and sludge dispersants can minimize or prevent the formation of insoluble compounds (RAND, 2003) .
Using of glacial Acetic acid to process the used lubricating oil is adopted by some researchers and they got comparable results in comparison with traditional processing units (HAMAWAND et al., 2013) . This encouraged us to try using glacial acetic acid to improve local diesel fuel properties depending on its neighborhood and similarity to the lubricating oil cut (base oil) in main distillation unit (SPEIGHT ,2015) .
Acetic acid is regarded as a weak carboxylic acid with a pungent odor that exists as a liquid at room temperature. Pure acetic acid is often called glacial acetic acid because it freezes slightly below room temperature at 16.7°C. When bottles of pure acetic acid froze in cold laboratories, snow like crystals formed on the bottles; thus, the term glacial became associated with pure acetic acid (MYERS ,2007) .
MATERIALS AND METHODS

Diesel fuel properties test
The parameters or properties were depended to compare the diesel fuels are as following :
The flash point test determines the temperature at which the vapors from petroleum oil will ignite or "flash".
To determine the flash point, a sample is heated at a specified rate and an open flame introduced into the emitted vapors at specified time intervals. The cetane number is used to measure the performance of a fuel in a diesel engine (KAES ,2000) . The ignition properties of diesel fuels are expressed in terms of cetane number or cetane index. These are very similar to the octane number (except the opposite) and the cetane number expresses the volume percent of cetane (C 16 H 34 , high-ignition quality) in a mixture with alpha-methyl-naphthalene (C 11 H 10 , low ignition quality). The fuel is used to operate a standard diesel test engine according to ASTM test method D-613. Since many refineries do not have cetane test engines, a mathematical expression developed to estimate the cetane number is used. The number derived is called the cetane index and is calculated from the mid-boiling point and gravity of the sample, and it is actually an expression of the hydrogen/ carbon ratio of the hydrocarbon components in the sample; the higher the H/C ratio, the better the burning characteristics (i.e., the higher the smoke point and the higher the cetane index). It is also an indirect indicator of the aromatic content of the diesel fuel. Therefore, frequently a minimum cetane index specification is used as an alternative to maximum aromatics content. Lowering sulfur and aromatics contents specifications also lowers the particulate emissions from diesel engines (GARY et al., 2007) .  Density, Specific Gravity Density is the mass per unit volume of a substance. Density is temperature dependent. It is an important property of petroleum and petroleum products. The density related properties of petroleum and petroleum products are often used: (i) specific gravity and (ii) American Petroleum Institute (API) gravity. Specific gravity (relative density) is the ratio, at a specified temperature, of the oil density to the density of pure water. The API gravity scale (presented as °API) arbitrarily assigns API gravity of 10 o to pure water. Thus (SPEIGHT ,2015):
The total sulfur content of diesel fuel can be determined in accordance with ASTM D4294 (standard test method for sulfur in petroleum products by energy dispersive X ray fluorescence spectroscopy). This method is applicable to both volatile and nonvolatile petroleum products with sulfur concentrations ranging from 0.015 to 5 mass percent (SPEIGHT ,2015 and, NADKARNI ,2007  Aniline Point and Mixed Aniline Point This test method for the determination of aniline point and mixed aniline point is used with the fuel oils (ASTM D611, IP 2) helps in the characterization of pure hydrocarbons and their mixtures and is most often used to estimate the aromatic content of naphtha. Aromatic compounds exhibit the lowest aniline points, and paraffin compounds have the highest aniline points, with cycloparaffins (naphthenes) and olefins having aniline points between the two extremes (SPEIGHT ,2015) . The aniline point is the lowest temperature at which the fuel is miscible with an equal volume of aniline and is inversely proportional to the aromatic content (RAND,2003) .
 Calculated Properties
Attempts to estimate some properties of petroleum cuts by the imperial relations depending on other properties are acceptable and they may be take a form of practical or empirical equation or charts (RIAZI ,2005) for diesel fuels, the diesel index is more famous one which it estimated by specific gravity and aniline point of diesel fuel and it was important in diesel fuels rating. The first widely used measure of ignition quality was the diesel index. And it was calculated as (RAND,2003 and RIAZI ,2005) :
Also there are some empirical equations to estimate aromatics content which developed by Jenkins-Walsh, they developed this simple relation in terms of specific gravity and aniline point in the following form:
Where, AP is the aniline point in Kelvin, by using %H estimated by previous equation to estimate aromatics percent by: , where %A is Aromatics content (RIAZI ,2005).
2 Experimental Apparatus and Procedure
For the purpose of this study a series of random experiments carried out on a local petroleum diesel fuel which it purchased by T-TOPCO Company from local market on December 2015, and its sample was sent to laboratories of Natural Recourses Ministry in Erbil city -Kurdistan region to test. In order to confirm the maximum ability of GAA to enhance the performance and environmental properties of this local diesel fuels, the first try was carried out by adding a (10 vol%, (10 ml of GAA and 90 ml of PD)) in a beaker. This sample mixed at 300 rpm for quarter hour up to 20 o C on a hot plate magnetic stirrer. The beaker was open to the atmosphere as shown in figure (1) .
The resulted mixture was centrifuged immediately for a quarter hour at different speeds of (600and 900 rpm.), then the mixture let to settle for different time intervals (15 minutes, 24 hours, and 96 hours) the color became less transparent and two separated layers were created. In fact, no color change was noted after 24 hours up to 96 hours but the real left time was recorded. In general, the bottom layer was increased with increasing the left time.
These set of procedures was repeated with rest volumetric ratio of acetic acid. For (5vol % GAA), the color is kept its transparency in comparison with (10% vol GAA with PD), but with smaller bottom layer, then it centrifuged at 900 rpm. , and let to settle for 24hours. Same set of procedures was repeated again and for (2% vol GAA and 98 %vol PD). The centrifugation speed was changed to 2000 rpm and left time stilled 24 hours. The treated mixture was kept its transparent level (color) as the same of preceding volumetric ratios of GAA, but without separated layers.
Experimental Apparatuses, Chemicals, Glassware
The apparatuses which used in this research divided to two groups: 2.3.1 Preparation apparatuses 1-Glacial acetic acid, purity 99.5%, Merck Inc., Germany 2-Local diesel fuel sample. 3-Graduated cylinder, 100 ml. 4-Graduated beaker, 100 ml. 5-Thermometer. 6-Hot plate magnetic bar stirrer -Stuart SB 162, UK. 7-Centrifuge separator, Fenam excelsa3 , mod280, Brazil.
Sample test apparatuses
1-specific gravity, hydrometer with water bath, ASTM D1298 Tested by: A2LA Traceable Hydrometers, Alla France Inc., France.
Test summery
The sample is brought to the prescribed temperature and transferred to a cylinder at approximately the same temperature. The appropriate hydrometer is lowered into the sample and allowed to settle. After temperature equilibrium has been reached, the hydrometer scale is read, and the temperature of the sample is noted. If necessary the cylinder and its contents may be placed in a constant temperature bath to avoid excessive temperature variation during the test [10] .
2-Flash Point, ASTM D6450 (CCCFP). Tested by: ERAFLASH, Eralytics Inc., Austria Test summary
The lid of the test chamber is regulated to a temperature of at least 18° C below the expected flash point. A 1-mililiter test specimen is introduced into the sample cup, ensuring that both specimen and cup are at a temperature of at least 18° C below expected flash point, cooling if necessary. The cup is then raised and pressed onto the lid of specified dimensions to form the continuously closed but unsealed test chamber with an overall volume of 4 mL. The lid is heated at a prescribed, constant rate. An arc of defined energy is discharged inside the test chamber at regular intervals. After each ignition, 1.5 mL of air is introduced into the test chamber to provide the necessary oxygen for the next flash test. After each arc, the instantaneous pressure increase above the ambient barometric pressure inside the test chamber is monitored. When the pressure increase exceeds a defined threshold, the temperature at that point is recorded as the uncorrected flash point (NADKARNI ,2007) . 3-Total Sulfur, ASTM D4294-03. Tested by: Total Sulfur meter, RX-360SH, TANAKA Inc., Japan.
Test summary
The sample is placed in a beam emitted from an X-ray source. The resultant excited characteristic X radiation is measured, and the accumulated count is compared with counts from a previously prepared calibration standard to obtain the sulfur concentration. The measured concentrations range of this apparatus is 0 to 6.0wt%. 4-The Color, ASTM D6045. Tested by: Tintometer PFX 680, LoviBond Inc., France.
5-Cetane number and cetane index.
Tested by: Portable near-infrared octane/cetane analyzer, ZX-101XL , Zeltex Inc., USA.
6-Pour and cloud points, ASTM D97 and D2500. Tested by: Semi-automatic pour and cloud points apparatus, LP4/1, Lab Plant Inc., UK.
Test summary
The sample is first heated to a temperature above the expected cloud point and then cooled at a specified rate and examined periodically. The temperature at which haziness is first observed at the bottom of the test jar is recorded as the cloud point.
After preliminary heating, the sample is cooled at a specified rate and examined at intervals of 3°C for flow characteristics. The lowest temperature at which the movement of the diesel fuel is observed is recorded as the pour point. ( NADKARNI ,2007) . 7-Aniline point, ASTM D611-Method E. Tested by: Automatic Aniline point apparatus, K10200, Kohler Inc., USA.
Equal volumes of aniline and diesel fuel are mixed and heated until a miscible mixture is formed. On cooling at a prescribed rate, the temperature at which the mixture becomes transparent and clear is recorded and identified as the aniline point [1, 3] 8-Acidity, ASTM D1093.
Tested by: PH meter and sunflower paper, Merck Inc., Germany. Test summary A sample is shaken with water and the aqueous layer is tested for acidity using methyl orange indicator (red color) (NADKARNI ,2007) .
RESULTS AND DISCUSSION
The results of this research divided to two tables, the first is containing the direct tests measurements, and the second is containing calculated properties which depended on the values from table (1) then calculated by empirical relations from the references.
The specific gravity was showed stable behaviors and changed slightly (max. 1.5%). This slight increase was 10vol% of GAA with short left time (half hour) and slower centrifugation speed (600 rpm.) Impacted the total sulfur ratio and decreased it up to 19 weights %, while more left time (96 hours) lowered it to 14.5 mass %. Less GAA vol. % showed less impact on removed total sulfur mass ratios, even though, the centrifugation speed was increased.
Samples' colors were changed to the less transparent after adding acetic acid but it kept this transparent level during all tests.
The cloud points have affected negatively, and 10vol. % of GAA showed the worst cloud point result (18 o C). This result might belong to the effect of low freezing point of GAA (16.7 o C). Other vol. % of GAA affected it slightly and it can be controlled by adding cloud point depressants (diesel fuel additives).
10 vol% GAA mixture showed negative impact on pour point value. Also, it can have related to low freezing point of GAA. Another vol. % of GAA impacted positively the pour point.
The adopted acidity test routine is similar to ASTM D1093. Figure (3) showed that the acidity effect was vanished in 2vol% GAA. This might have indicted happening a chemical reaction which consumed all GAA vol % and converted it to non -acidic products.
The flash point was most sensitive property to the added %vol GAA. The 2 vol. % GAA was enough to decrease its value by 11 o C. The maximum decrease was with 10 vol. % which produced up to 20 o C. More left time was resulted more decrease in flash point.
The cetane number and cetane index were decreased with increase of vol. % GAA, reached 4 degrees in 10 vol. % GAA for cetane index and 3 degrees in cetane number. Lower vol. % GAA and higher centrifugation speed (2 vol. %, 2000rpm.) increased and reached up to 7.8 degrees for cetane index and 15.6 degrees for cetane number.
The aniline point (related inversely to aromatics content) was increased when vol. % GAA increased up to 8% (6.7% decreases in aromatics content) for 10 vol. % GAA. Only the Vol. % GAA was affecting this property.
CONCLUSIONS
The glacial Acetic acid effected on local diesel properties and enhanced its performance (like flash point, cetane index, cetane number, and pour point), and environmental properties (like aniline point (indication of aromatics content) and total sulfur ratio), although the processing was at room conditions.
In fact, all petroleum diesels must be between upper and lower limits of local quality laws to be usable. The big increasing of some properties like flash point and cetane number has two opposite impacts. The first is lower flash point, less ignition quality problem and this is the positive side. The second is less flash point, more storing problems and less safety, and this is a negative side. Judging flash point results must be undergo local fuel quality laws. best mixture was (2vol% GAA +PD) mixture which has more reasonable flashpoint and with acidity increase. Blending the last mixture with heavier petroleum cuts or heavier petroleum diesels will give it an economical value.
Same problem was present with cetane number grades. Checking the last figure showed that (2vol% GAA +PD) raised the cetane number up to 69. The problem here, all diesel fuel engines designed to work on cetane number range (45-55). To overcome this problem, same solution that was suggested for flash point will suggested here, and it to blend the (GAA +PD) mixtures with heavier petroleum products or heavier bio or petroleum diesel. Some properties changed proportionally with GAA percent, but the (2 vol% GAA +PD) was the optimum. Each diesel physical property related to existence and percent of certain hydrocarbons or non-hydrocarbon components in the petroleum diesel. Reducing total sulfur content and aromatics content indicated happening a chemical reaction. Approving that will be our future research work.
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